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TITLE OF THE INVENTION 

MOBILE COMMUNICATION SYSTEM 

5 CROSS-REFERENCE TO THE RELATED APPLICATION 

This application is a continuation of International Application No. 
PCT/JP99/01295, whose International filing date is March 16, 1999, the 
disclosures of which Application are incorporated by reference herein. 
10 ' - . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a mobile communication system 
15 which permits independent setting of the transmission rates of up- and 
down-links. 

2. Description of the Related Art 

Mobile communication systems have a structure in which subscriber 
stations, i.e. mobile stations (such as vehicle-installed communication devices 
20 and portable communication devices) are connected to a base station via radio 
channels. 

In these mobile communication systems, there is the possibility that 
sharing of radio frequency spectra (hereinafter referred to as "frequency 
sharing") by different radio systems is implemented by an FDMA/TDMA 
25 combination, while in the CDMA system frequency sharing between different 
codes or symbols has already been put into practice. Handover in these 
systems is already known. 
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For example, time slot sharing mobile communication system which 
shares a TDMA signal and a time division CDMA signal in the same time slot 
is disclosed in our U.S. Patent No. 5,805,581 (Japanese Pat. Appln. 
Laid-Open Gazette No. 8-130766, EP701337A). 
5 For instance, in the case of building a multimedia in such a mobile 

communication system as mentioned above, it is necessary that the channel 
capacity of an up-link over which the subscriber station sends data to the base 
station and the channel capacity of a down-link over which the base station 
sends data to the subscriber station be set independently of each other. 

10 Moreover, to cope with variations in the amount of data sent during 
communication, it is necessary to establish a system which enables the data 
transmission rate to be changed accordingly. 

For example, upon occurrence of a situation in which a momentary 
increase takes place in the amount of data to be sent from the subscriber 

15 station to the base station, the subscriber station computes the transmission 
rate required taking into consideration the amount of increase in the data to be 
sent, and sends a request for a change of the transmission rate to the base 
station. 

Upon receiving the request for a change of the transmission rate from 
20 the subscriber station, the base station determines whether a change of the 
transmission rate can be accepted after hunting for an idle channel in the link 
over which they are currently in communication with each other. 

And, when judging that a change of the transmission rate can be 
accepted, the base station sends to the subscriber station the identification 
25 number of the communication channel to be used thereafter. 

Upon receiving from the base station the identification number of the 
communication channel for subsequent use from the base station, the 



subscriber station sends data over the designated communication channel to 
the base station after that. 

In this way, the data transmission rate is changed, but since the actual 
change of the data transmission rate calls for a process of obtaining 
permission from the distant or remote station, there is a need to allow for a 
considerable amount of waiting time until the transmission rate is actually 
changed after the amount of data to be sent changes. 

Accordingly, in a mobile communication system in which the amount 
of data sent undergoes great variations and allowance for an appreciable 
amount of waiting time is difficult to make, it is customary to adopt a scheme 
which fixes the transmission rate at a large value by assigning a wide 
frequency band from the beginning of communication. 

Since the conventional mobile communication system has such a 
configuration as mentioned above, the transmission rate can be changed when 
permission is obtained from the distant station after sending thereto a request 
for a change of the transmission rate, but a considerable amount of time is 
needed until the transmission rate is actually changed. Hence, when the 
amount of data to be sent varies greatly, congestion of data or the like occurs, 
leading to, for example, impairment of the immediacy of data sent in real 
time. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a mobile 
communication system which enables the data transmission rate to be 
changed quickly during communication. 

According to an aspect of the present invention, time slot changing 
means of the subscriber station changes the time slot in which to receive data 
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from the base station in accordance with time slot change information sent 
from change request means of the base station. 

This enables the base station to use the new time slot for sending the 
next and subsequent frames, making it possible to ensure the immediacy of 
5 data sent in real time even when the amount of data to be sent varies greatly. 

According to another aspect of the present invention, when the change 
request means of the base station sends time slot change information to the 
subscriber station, the base station uses the new time slot to send data 
contained in the next and subsequent frames. 
10 This ensures the immediacy of data sent in real time even when the 

amount of data to be sent varies greatly. 

According to another aspect of the present invention, the transmission 
rate is determined in accordance with an instantaneous amount of data to be 
sent to the subscriber station. 
15 This permits determination of an appropriate transmission rate 

according to the amount of data to be sent. 

According to another aspect of the present invention, an instantaneous 
amount of data to be sent is detected from that amount of data received from a 
switching center which has yet to be sent to the subscriber station. 
20 This allows ease in detecting the instantaneous amount of data to be 

sent without using any complicated arrangement. 

According to another aspect of the present invention, information for a 
change of the time slot to be used for sending the next frame is read out of a 
provisional channel memory provisionally pre-assigned the time slot , and the 
25 read-out information is sent to the subscriber station. 

This permits quick switching of the time slot. 

According to another aspect of the present invention, reservation 
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information indicating the timing for changing the time slot is sent to the 
subscriber station together with the time slot change information. 

This makes it possible for the subscriber station to prepare a time slot 
changing process in anticipation of a variation in the amount of data to be sent 
5 and hence perform the time slot changing process in good time, enabling 
congestion or the like in the frequency band concerned to be judged. 

According to another aspect of the present invention, the subscriber 
station determines the time slot change timing in accordance with the 
reservation information sent from the base station. 
10 This enables the subscriber station to prepare the time slot changing 

process in anticipation of a variation in the amount of data to be sent. 

According to another aspect of the present invention, when a desired 
time slot becomes unusable before time slot changing means of the subscriber 
station changes the current to the new time slot after having received the time 
15 slot change information and the reservation information from the base station, 
the change request means of the base station sends to the subscriber station 
time slot change information indicating another time slot. 

This makes it possible to secure the required transmission rate even if 
the initially-designated time slot becomes unusable. 
20 According to another aspect of the present invention, when receiving 

the time slot change information indicating another time slot from change 
request means of the base station, the time slot changing means of the 
subscriber station changes the time slot for receiving data from the base 
station in accordance with the time slot change information. 
25 This makes it possible to secure the required transmission rate even if 

the initially-designated time slot becomes unusable. 

According to another aspect of the present invention, in the case of 
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increasing the data transmission rate, it is determined whether to change the 
transmission rate by referring to the sendable power of a transmitter in the 
base station. 

This prevents cutting of radio connection by switching of the time slot. 
5 According to another aspect of the present invention, in the case of 

decreasing the data transmission rate, it is determined whether to change the 
transmission rate by referring to the sensitivity of a receiver in the subscriber 
station and the sendable power of a transmitter in the base station. 

This also prevents cutting of radio connection by switching of the time 

10 slot. 

According to another aspect of the present invention, time slot 
changing means of the base station changes the time slot in which to receive 
data from the subscriber station in accordance with time slot change 
information sent from change request means of the subscriber station. 
15 This enables the subscriber station to use the new time slot for sending 

the next and subsequent frames, making it possible to ensure the immediacy 
of data sent in real time even when the amount of data to be sent varies 
greatly. According to another aspect of the present invention, when the change 
request means of the subscriber station sends time slot change information to 
20 the base station, the subscriber station uses the new time slot to send data 
contained in the next and subsequent frames. 

This ensures the immediacy of data sent in real time even when the 
amount of data to be sent varies greatly. 

According to another aspect of the present invention, the transmission 
25 rate is determined in accordance with an instantaneous amount of data to be 
sent to the base station. 

This permits determination of an appropriate transmission rate 
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according to the amount of data to be sent. 

According to another aspect of the present invention, an instantaneous 
amount of data to be sent is detected from that amount of data received from a 
man-machine interface which has yet to be sent to the base station. 
5 This allows ease in detecting the instantaneous amount of data to be 

sent without using any complicated arrangement. 

According to another aspect of the present invention, information for a 
change of the time slot to be used for sending the next frame from the 
subscriber station is read out of a provisional channel memory provisionally 
10 pre-assigned the time slot, and the read-out information is sent to the base 
station. 

This permits quick switching of the time slot. 

According to another aspect of the present invention, reservation 
information indicating the timing for changing the time slot is sent to the base 

15 station together with the time slot change information. 

This makes it possible for the base station to prepare a time slot 
changing process in anticipation of a variation in the amount of data to be sent 
and hence perform the time slot changing process in good time, enabling 
congestion or the like in the frequency band concerned to be judged. 

20 According to another aspect of the present invention, the base station 

determines the time slot change timing in accordance with the reservation 
information sent from the subscriber station. 

This enables the base station to prepare the time slot changing process 
in anticipation of a variation in the amount of data to be sent. 

25 According to another aspect of the present invention, when a desired 

time slot becomes unusable before time slot changing means of the base 
station changes the current to the new time slot after having received the time 
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slot change information and the reservation information from the subscriber 
station, the change request means of the subscriber station sends to the base 
station time slot change information indicating another time slot. 

This makes it possible to secure the required transmission rate even if 
5 the initially-designated time slot becomes unusable. 

According to another aspect of the present invention, when receiving 
the time slot change information indicating another time slot from change 
request means of the subscriber station, the time slot changing means of the 
base station changes the time slot for receiving data from the subscriber 
10 station in accordance with the time slot change information. 

This makes it possible to secure the required transmission rate even if 
the initially-designated time slot becomes unusable. 

According to another aspect of the present invention, in the case of 
increasing the data transmission rate, it is determined whether to change the 
15 transmission rate by referring to the sendable power of a transmitter in the 
base station. 

This prevents cutting of radio connection by switching of the time slot. 
According to another aspect of the present invention, in the case of 
decreasing the data transmission rate, it is determined whether to change the 
20 transmission rate by referring to the sensitivity of a receiver in the subscriber 
station and the sendable power of a transmitter in the base station. 

This also prevents cutting of radio connection by switching of the time 

slot. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the present invention will 
become more apparent from the following description taken in conjunction 
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with the accompanying drawings, in which: 

Fig. 1 is a diagram depicting the general outline of a mobile 
communication system according to a first embodiment of the present 
invention; 

5 Fig. 2 is an explanatory diagram depicting examples of TDMA and 

time division CDMA time slots for PCS and cellular system use; 

Fig. 3 is an explanatory diagram depicting other examples of TDMA 
and time division CDMA time slots for PCS and cellular system use; 

Fig. 4 is an explanatory diagram depicting examples of transmission 
10 rates of up- and down-links of a radio communication channel between a 
subscriber station and a base station; 

Fig. 5 is an explanation diagram showing a list of channels 
provisionally pre-assigned time slots to be used to transmit the next frame in 
the usable data transmission rates shown in Fig. 4; 
15 Fig. 6 is a state transition diagram depicting channel switching; 

Fig. 7 is a block diagram illustrating the inside (change request means) 
of a base station in the mobile communication system according to 
Embodiment 1 of the present invention; 

Fig. 8 is a diagram showing a time slot structure in a frame; 
20 Fig. 9 is an explanatory diagram depicting time slots provisionally 

assigned to respective channels and actual time slots of the respective 
channels; 

Fig. 10 is an explanatory diagram showing the state in which when 
one of the times slots provisionally assigned to the respective channels is 
25 actually used, a new time slot is assigned to that time slot; 

Fig. 11 is a diagram showing a time slot structure in a frame; 
Fig. 12 is a diagram showing a time slot structure in a frame; 
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Fig. 13 is a flowchart showing the operation of a mobile 
communication system according to a sixth embodiment of the present 
invention; 

Fig. 14 is a block diagram illustrating the inside (change request 
5 means) of a subscriber station of a mobile communication system according 
to a seventh embodiment of the present invention; 

Fig. 15 is a block diagram depicting time slot changing means of the 
base station which receives TS change information from the subscriber station 
and changes the time slot accordingly; and 
10 Fig. 16 is a block diagram depicting the inside of a mobile switching 

center. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

To describe the present invention in more detail, the best mode for 
15 carrying out the invention will be described with reference to the 
accompanying drawings. 

EMBODIMENT 1 

Fig. 1 is a diagram illustrating the general outline of a mobile 
20 communication system according to a first embodiment (Embodiment 1) of 
the present invention. Reference numerals 1 to 3 denote base stations, 4 a 
mobile switching center for controlling the base stations 1 and 3, 5 a mobile 
switching center for controlling the base station 2, and 6 PSTN (Public 
Switching Telephone Network) which is a public system to which the mobile 
25 switching centers 4 and 5 are wire-connected. 

Reference characters MS11 to MSI 4 denote mobile stations which are 
radio-connected to any one of the base stations 1 to 3 5 such as mobile 
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vehicle-installed communication devices or mobile/portable communication 
devices, and WS21 to WS23 denote half-fixed or fixed FWA (Fixed Wireless 
Access) stations which are radio-connected to any one of the base stations 1 
to 3. 

5 The mobile stations and the FWA stations carry out radio 

communications with any one of the base stations 1 to 3 over a low-speed 
TDMA data channel, a medium-/high-speed TDMA data channel, a time 
division CDMA channel and so forth, but they have a channel for carrying out 
voice or low-speed data communication other than the above-mentioned 

10 channels. The mobile stations and the FWA stations will hereinafter be 
collectively called subscriber stations. 

While in this embodiment the mobile switching centers 4 and 5 are 
wire-connected to the PSTN 6, interfaces of the base stations 1 to 3 with the 
mobile switching centers 4 and 5, the mobile switching centers 4 and 5 and 

15 the PSTN 6 have communication capabilities in an ATM (Asynchronous 
Transfer Mode) as well as in an ordinary communication mode, and they will 
be described to carry out ATM communications. 

Moreover, the subscriber stations MS11 to MS14 and the WS21 to 
WS23 and the base stations exchange signals through the use of a digital 

20 modulation system; let it be assumed that they are radio-linked, for example, 
by an FDMA/TDD (Time Division Duplex) system which is a frequency 
division multiple access/time division two-way communication system, 
CDMA/TDD (Code division Multiple Access/Time Division Duplex) system 
which is a code division multiple access/time division two-way 

25 communication system, TDMA/FDD (Multi-carriers Time division Multiple 
Access/Frequency Division Duplex) system which is a code division 
multi-carrier time division/frequency division two-way communication 
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system, TDMA/TDD system, time division CDMA/FDD system, or time 

division CDMA/TDD system. 

Fig. 2 is an explanatory diagram depicting examples of time slots for 

TDMA and time division CDMA PCS (Personal Communication System) and 
5 for a cellular system. In Fig. 2, #31-0A to 3A are time division CDMA time 

slots for a PCS high-speed data transmission downlink in a first frame, and 

#31-0B to 3B are time division CDMA time slots for in the first frame. 
" #32-0A to #32-3B are time division CDMA time slots for PCS 

low-speed data transmission in the first frame; #33-1 A to #33-2B and #35-lA 
10 to #35-2B are TDMA time slots for PCS low-speed data transmission in the 

first frame; and #34-0A to #34-3B are TDMA time slots for PCS 

medium-speed data transmission in the first frame. 

#36-1 A to #35-2B are TDMA time slots for PCS high-speed data 

transmission in the first frame; #35-0A to #35-3B are TDMA time slots for 
15 cellular low-speed data transmission in the first frame; and #37-0A to #37-3B 

are time division CDMA time slots for cellular high-speed data transmission 

in the first and second frames. 

Incidentally, Fig. 2 shows Up-Link and Down-Link of the TDD (Time 

Division Duplex) system, the Up-Link being time slots expressed by R1 0B to 
20 R1 3B on the time axis and the Down-Link time slots expressed by T1 0A to T1 3A 

and T2 0A to T2 3A on the time axis. The time slots R1 0B to R1 3B of UP-Link 

and the time slots T1 0A to T1 3A of Down-Link constitute one frame, and time 

slots T2 0A to T2 3A are those belonging to the next frame. That is, Fig. 2 

expresses one and a half frame. 
25 Fig. 3 is an explanatory diagram showing other examples of TDMA 

and time division CDMA time slots for PCS and cellular system use; the time 

slots of the same names as those in Fig. 2 are identical with those in the latter, 
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and hence no description will be repeated. 

#31-4A to #31-5A are asymmetrical portions of Down-Link in time 
division CDMA time slots for PCS high-speed data transmission in the first 
frame, which are time slots to be used when the amount of information to be 
5 sent from the base station to the subscriber station is larger than the amount of 
information to be sent from the subscriber station to the base station. 

#31-0B to #31-1B are time slots of UP-Link in the first frame. That 
is, all time slots contained in those T10A to T15 A are time slots in the first 
and other frames which belong to Down-Link. Similarly, all time slots 

10 contained in R10B to RUB are time slots in the first and other frames which 
belong to Up-Link. 

Fig. 3 shows the case of an asymmetrical TDD system in which the 
transmission timing of Up-Link and the transmission timing of Down-Link 
differ in the TDD frame time length. The present invention is applied not 

15 only to such a symmetrical timing TDD system as depicted in Fig. 2 but also 
to such an asymmetrical TDD system as depicted in Fig. 3; that is, the 
invention is also applied to the case where the uplink and the downlink of the 
communication line interconnecting the base station and the subscriber station 
differ in the amount of data to be sent. 

20 Fig. 4 is an explanatory diagram showing, by way of example, 

transmission rates of the up- and the down-links for radio communication 
between subscriber stations and the base station; it is shown that usable 
transmission rates differ with the kind of multimedia that each subscriber 
station utilizes. 

25 The transmission rate identified as "intermittent" in Fig. 4 is a 

transmission rate below 1 kbps, and the "intermittent" transmission rate is 
used once for multi-frame in the mobile communication system; while the 
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subscriber station is in the course of processing information of its own, no 
communications are needed between the base station and the subscriber 
station during this period, but this transmission rate is a low-speed one which 
is used when the communication line is not off. 
5 Fig. 5 is an explanatory diagram showing a list of channels 

provisionally pre-assigned time slots for transmission of the next frame and 
channels which are actually used. 

For example, in the case of subscriber station No. 19980428 (MS11), 
seven kinds of transmission rates from 1 kbps to 24 kbps, including 
10 "intermittent," can be set in the uplink (see Fig. 4), but in Fig. 5 four kinds of 
channels (first to fourth channels) are set as usable channels. That is, Fig. 5 
defines the kinds of transmission rates that can be changed during 
communication. 

This setting defines the kinds of communication channels that can be 
15 dynamically assigned. 

Incidentally, Fig. 5 shows that the time slot #31-0B is currently set in 
the Up-Link for subscriber stations Nos. 19980601 (WS21) and 19980614 
(WS23) to send data therefrom to the base station at the transmission rate 
1024 kbps; since this radio wave is TD-CDMA, the same time slot is shared 
20 by a plurality of signals in this case. Naturally, spreading codes of the plural 
radio waves sharing the same time slot are chosen so that they cross at right 
angles, but in Fig. 5 no information about these codes is shown. 

Furthermore, Down-Link of a subscriber station No. 19980428 
(MS11) is shown to currently use the fourth channel (the time slot #32-1 A 
25 with a transmission rate 2048 kbps); for example, when it becomes necessary 
to switch Down-Link to the second channel (the time slot #32-1 A with a 
transmission rate 2 kbps) to send a small amount of information after 
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completion of sending the large amount of information, the channel is 
immediately switched at that point in time. 

Fig. 6 is a state transition diagram showing channel switching. The 
state transition diagram shows the state of the downlink or uplink between 
5 one subscriber station and one base station. When plural subscriber stations 
are radio-connected to the base station, the number of state transition 
diagrams is a multiple of the number of subscriber stations connected. In 
addition, since the line state differs with each subscriber station, it is needless 
to say the mobile switching centers 4 and 5 control the base station, taking 

10 into consideration the current state of the subscriber stations radio-connected 
to the base station. 

Fig. 7 is a block diagram illustrating the inside (change request means) 
of the base station of the mobile communication system according to 
Embodiment 1 of the present invention. Reference numeral 61 denotes a 

15 network interface which receives from a mobile switching center 4 ATM 
information coming from PSTN 6; 62 denotes a FIFO (Fast-in-Fast-out) 
memory which stores the ATM information received by the network interface 
61; 63 denotes a memory measuring instrument which measures the amount 
of ATM information currently remaining in the FIFO memory 62 (an 

20 instantaneous amount of data which has yet to be sent to the subscriber 
station); and 64 denotes a clock generator which generates a clock. 

Reference numeral 65 denotes a time slot processor which performs a 
selection process of selecting a time slot to be used for the transmission of the 
next frame in accordance with the amount of ATM information remaining in 

25 the memory measured by the memory measuring instrument 63; 66 denotes a 
real channel memory which stores a channel currently in use; 67 denotes a 
provisional channel memory provisionally pre-assigned a time slot to be used 
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for the transmission of the next frame; 68 denotes a frame generator which, 
under instructions from the time slot processor 65, extracts from the FIFO 
memory 62 the ATM information to be sent to the subscriber station, adds the 
ATM information with TS change information (change information about he 
5 time slot to be used for the transmission of the next frame) and check 
information, and generates a frame which is sent to the subscriber station; 69 
denotes a local oscillator which generates a carrier under instructions from the 
time slot processor 65; and 70 denotes a modulator by which the frame 
generated by the frame generator 68 is modulated to the carrier generated by 

10 the local oscillator 69. 

Reference numeral 71 denotes an amplifier for amplifying the carrier 
which is output from the modulator 70; 72 denotes a diplexer; 73 denotes an 
antenna; and 74 denotes a receiving part. 

Next, the operation of Embodiment 1 will be described below. 

15 This embodiment will be described in connection with the case of 

changing the transmission rate when the base station 1 is sending the ATM 
information to the subscriber station MS11. 

In the first place, upon receiving from the mobile switching center 4 
(see Fig. 16) the ATM information coming from the PSTN 6, the network 

20 interface 61 stores the ATM information in the FIFO memory 62. 

In this case, the transmission rate of the ATM information that the 
network interface 61 is not constant owing to the characteristic of the ATM 
transmission system. For example, if the transmission rate of the ATM 
information is made constant which is sent after being read out of the FIFO 

25 memory 62, the amount of ATM information remaining in the FIFO memory 
62 varies. 

In view of the above, the memory measuring instrument 63 measures 
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the amount of ATM information currently remaining in the FIFO memory 62 
and outputs the measured amount of information remaining in the memory to 
the time slot processor 65. 

When the amount of ATM information remaining differs from that in 
5 the previous frame transmission, the time slot processor 65 outputs a TS 
change information adding instruction to the frame generator 68 to suppress a 
change in the amount of information remaining in the FIFO memory 62. 

More specifically, letting Z represent the amount of information 
remaining in the FIFO memory 62, the time slot processor retrieves the 
10 following four inequalities for an inequality for which an inequality sign 
holds, and selects, as the time slot for the next frame transmission over the 
downlink of the subscriber station, the time slot set in the channel 
corresponding to the inequality for which an inequality sign holds (see Fig. 5). 
It is assumed here that the time length of one frame is 10 ms. 
15 (1) 20.48 kb * Z 

-> 4th channel (time slot #31-1 A of 2048 kbps) 

(2) 320 b ^Z < 20.48 kb 

3rd channel (time slot #37-0A of 32 kbps) 

(3) 20 b <; Z < 320 b 

20 2nd channel (time slot #32-1 A of 2 kbps) 

(4) Z < 20 b 

-» 1st channel (time slot #35-0A of intermittent transmission rate) 
Accordingly, when the amount of information remaining in the FIFO 
memory 62 exceeds, for instance, 20.48 kb (= 2048 kbps x 10 ms), the time 
25 slot #31-1 A of the transmission rate 2048 kbps set in the fourth channel is 
selected for the next frame transmission. 

When the time slot processor 65 selects the time slot for the next 
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frame transmission as described above, it supplies the frame generator 68 with 
an instruction for adding TS change information indicating the selected time 
slot and a frame generating instruction (no frame generating instruction being 
needed when the TS change information adding instruction is used also as the 
5 frame generating instruction). 

In the case where tlite amount of ATM information remaining in the 
memory 62 is not different Vrom that at the time of the previous frame 
transmission, however, there is no deed to change the transmission rate for the 
next frame. Hence, the time slot processor outputs only the frame generating 

10 instruction to the frame generator t>8 without outputting thereto the TS change 
information adding instruction. \ 

And, upon receiving the TS change information adding instruction and 
the frame generating instruction from the time slot processor 65, the frame 
generator 68 adds, as depicted in Fig. 8, TS change information and check 

15 information (for example, CRC code) to the ATM information read out of the 
FIFO memory 62 (The amount of ATM information read out of the memory is 
determined under instructions from the time slot processor 65 but corresponds 
to the transmission rate of the time slot determined at the time of the previous 
frame transmission. For example, when the time slot #31-1 A of the 

20 transmission rate 2048 kbps was selected at the time of previous transmission, 
ATM information of 20.48 kbps is read out of the FIFO memory 62), thereby 
forming the frame that is sent to the subscriber station MS 11. 

Incidentally, when receiving only the frame generating instructions, 
the frame generator adds the check information to the ATM information to 

25 form the frame. 

On the other hand, the local oscillator 69 generates a carrier under 
instructions from the time slot processor 65. That is, the oscillator generates 
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a carrier which corresponds to the transmission rate of the time slot 
determined at the time of sending the previous frame. 

And, when the frame generator 68 provides the frame to be sent this 
time, the modulator 70 modulates the frame to the carrier generated by the 
5 local oscillator 69, and provides the modulated output to the amplifier 71, 
whose output is sent by radio waves from the antenna 73. 

When the radio waves are radiated from the antenna 73 in this way, 
the subscriber station MS11 receives the radio waves. 

And, upon reading out from the radio waves the TS change 
10 information forming the frame, time slot change means of the subscriber 
station MS 11 changes the transmission rate for reception of the next frame, 
that is, the time slot for reception of the next frame in accordance with the TS 
change information. 

As is evident from the above, since Embodiment 1 has a configuration 
15 in which upon receiving the TS change information from the base station 1, 
the subscriber station MS 11 changes the time slot for reception of the frame 
from the base station 1 in accordance with the TS change information, the 
base station 1 can use the new time slot to send the next and subsequent 
frames without having to receive acceptance/rejection information which 
20 would otherwise be sent from the subscriber station in reply to the TS change 
information. Accordingly, even when the amount of ATM information to be 
sent varies greatly, it is possible to ensure the immediacy of ATM information 
sent in real time. 

25 EMBODIMENT 2 

A description will be given of a second embodiment (Embodiment 2) 
of the present invention. 
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In Embodiment 1 described above, at the time of selecting the time 
slot for the transmission of the next frame in accordance with the amount of 
ATM information remaining, the time slot processor 65 retrieves an inequality 
for which an inequality sign holds, and selects the time slot set in the channel 
5 corresponding to the inequality. However, it is also possible to employ a 
configuration in which a time slot is provisionally pre-assigned to each 
channel as depicted in Fig. 9 and, when it is becomes necessary to change the 
transmission rate, the channel is used which has been pre-assigned the time 
slot of the required transmission rate. 

10 That is, when the transmission rate needs to be change, the time slot 

processor 65 determines the transmission rate for the next frame based on the 
amount of ATM information remaining. Concretely, if the time length of 
one frame is 10 ms, the time slot processor multiplies the amount of ATM 
information remaining by 100 to provisionally determine the transmission rate 

15 for the next frame. 

For example, when the amount of ATM information remaining is 350 
b, the transmission rate for the next frame is provisionally determined to be 35 
Kbps. 

When having thus provisionally determined the transmission rate for 
20 the next frame, the time slot processor 65 refers to the provisional channel 
memory 67 in which a time slot has been provisionally assigned, and selects 
the channel corresponding to the provisionally determined transmission rate. 
For instance, when the transmission rate of the downlink for transmission to 
the subscriber station MS11 is provisionally determined to be 35 Kbps, the 
25 third channel (time slot #37-0A of 32 kbps) is selected. 

Upon selection of the channel corresponding to the provisionally 
determined transmission rate, the time slot processor 65 transfers the channel 
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information to the actual channel memory 66 to perform a process for 
changing the transmission rate for the next frame and, at the same time, adds 
the TS change information to the ATM information for transmission to the 
subscriber station MS 11 as in Embodiment 1. 
5 Incidentally, a certain amount of time is needed to update the stored 

contents of the actual channel memory 66 after a request change of the 
transmission rate is made. Hence, when the same time slot has been 
assigned to plural channels (in the case of Fig. 9, the same time slot has been 
assigned to the third channel of the downlink of the subscriber station MS11 

10 and the third channel of the downlink of the subscriber station MS12), if 
requests for change of the transmission rate in plural radio channels are made 
at about the same time, there is a case where the transmission rate in one of 
the plural radio channels cannot be changed. 

For example, if the downlink of the subscriber station MS 11 is 

15 changed to the third channel (time slot #37-0A of 32 kbps), the downlink of 
the subscriber station MS 12 cannot be changed to the third channel (time slot 
#37-0A of 32 kbps). Accordingly, as depicted in Fig. 10, that one of 
currently unused time slots which has a time slot equal to that of the time slot 
#37-0A (for example, time slot #37-3A) is assigned to the third channel 

20 concerned. 

In this way, the downlink of the subscriber station MS12 is switched 
to the third channel (time slot #37-3 A of 32 kbps). 

Incidentally, according to Embodiment 2, since usable channels have 
been pre-assigned at the time of changing the time slot, the channel switching 
25 can be done at once. 

EMBODIMENT 3 
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A description will be given of a third embodiment (Embodiment 3) of 
the present invention. 

In Embodiment 1 described above, upon receiving the TS change 
information from the time slot processor 65 sends the TS change information, 
5 the subscriber station immediately changes the time slot. However, it is also 
possible to employ a configuration in which the time slot processor sends to 
the subscriber station reservation information indicating the timing for 
changing the time slot and the subscriber station determines the time slot 
change timing in accordance with the reservation information. 

10 That is, at the time of adding the TS change information to the ATM 

information, the time slot processor 65 adds the ATM information with the 
reservation information indicating the timing for changing the time slot (for 
example, when "-5" is added as the reservation information, the time slot is 
changed after five frames) as shown in Fig. 11. 

15 Upon receiving the ATM information added with the TS change 

information and the reservation information, the subscriber station changes 
the time slot in accordance with the TS change information as in Embodiment 
1 described above, but it does not necessarily change the time slot 
immediately after receiving the TS change information but instead determines 

20 the timing for changing the time slot in accordance with the reservation 
information. 

For example, when "-5" is added as the reservation information, the 
subscriber station uses the new time slot after the lapse of five frame periods. 

Incidentally, it is also possible to employ a configuration in which the 
25 subscriber station count reservation information up by one ("-5" "-4" — > 
"-3" "-2" -> "0") upon each sending of the ATM information from 

the time slot processor 65 and changes the time slot when the reservation 
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information reaches "0." Alternatively, the time slot processor 65 sends the 
reservation information once and the subscriber station counts the number of 
times it receives frames after the reception of the reservation information, 
thereby obtaining the timing for changing the time slot. 
5 As will be seen from the above, according to Embodiment 3, since the 

TS change information is sent to the subscriber station together with the 
reservation information indicating the timing for changing the time slot, the 
time slot changing process can be prepared in anticipation of a variation in the 
amount of data to be sent. Accordingly, the time slot can be changed in 

10 good time, making it possible to judge the state of congestion in the frequency 
band used. Moreover, since time slots with no ATM information can also be 
reserved in the previous frame (it can also be set that, for example, reservation 
information "2" means that no information will be contained in the time slots 
for the subsequent two frames), equivalent noise can be reduced when the 

15 time division CDMA system is adopted. 

EMBODIMENT 4 

A description will be given of a fourth embodiment (Embodiment 4) 
of the present invention. 

20 In Embodiment 3 described above, the subscriber station determines 

the time slot change timing based on the reservation information sent thereto, 
but since in this instance the time slot is actually changed several frames after 
the sending of the TS change information, another subscriber station may 
sometimes use the time slot concerned, making it impossible to use the 

25 desired time slot. 

To avoid this, according to Embodiment 4, when the desired time slot 
becomes unusable before the time slot changing means of the subscriber 
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station changes the time slot, the time slot processor 65 sends TS correcting 
information designating another time slot to the subscriber station as shown in 
Fig. 12. 

In this way, the time slot changing means of the subscriber station 
5 changes the time slot based on the TS correcting information; accordingly, 
even if the desired time slot becomes unusable, it is possible to secure the 
required transmission rate. 

EMBODIMENT 5 

10 A description will be given of a fifth embodiment (Embodiment 5) of 

the present invention. 

In Embodiment 4 described above, the subscriber station determines 
the time slot change timing based on the reservation information sent thereto, 
it is also possible to reserve a change of the time slot provisionally assigned to 

15 each channel. 

That is, when the time slot processor 65 sends reservation information 
to the subscriber station, the time slot is changed after several frames and the 
stored contents of the provisional channel memory 67 are reflected on the 
actual channel memory 66, However, to cope with variations in the amount 

20 of data to be sent after several frames, it is also possible to accept a 
reservation that updates the stored contents of the provisional channel 
memory 67. 

For example, a reservation is made which provisionally assigns 
#32-2A to the downlink of the second channel of the subscriber station MS11 
25 after several frames. 

Accordingly, it is possible to prepare changing the time slot 
provisionally assigned to each channel. 
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EMBODIMENT 6 

A description will be given of a sixth embodiment (Embodiment 6) of 
the present invention. 

In Embodiments 1 through 5 described above, upon receiving the TS 
5 change information sent from the time slot processor, the subscriber station 
changes the time slot based on the TS change information, but unconditional 
change of the time slot entails the risk of cutting the radio connection. 

To avoid this, according to Embodiment 6, the change of the time slot 
is allowed as long as the state of current radio communication meets 
10 predetermined conditions. 

Concretely, as depicted in Fig. 13, when a request for a change of the 
channel capacity is made (step ST1), the time slot processor 65 judges 
whether the new channel capacity is larger than the channel capacity currently 
used for communication (step ST2). 
15 When the new channel capacity is larger than the channel capacity 

currently used for communication, an amount of increase in the sending 
power caused by an increase in the channel capacity is computed from the 
current transmission rate DR1 and the new transmission rate DR2 (step ST3). 

C (dB) = 10 x log (DR2/DR1) 
20 Upon counting the amount of increase C in the sending power, the 

time slot processor 65 judges whether the transmitter of the base station can 
increase the current sending power by C (dB) (step ST4). 

When the transmitter of the base station can increase the current 
sending power by C (dB), an increase in the channel capacity will be unlikely 
25 to cause cutting the radio connection. Accordingly, the time slot processor 
65 permits the change of the channel capacity (step ST5) and sends the TS 
change information to. the subscriber station in the same manner as described 
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above with reference to Embodiments 1 to 5. 

On the other hand, when the transmitter of the base station cannot 
increase the current sending power by C (dB), an increase in the channel 
capacity will be likely to cause cutting the radio connection, and hence the 
5 time slot processor does not permit the change of the channel capacity (step 
ST6) and stops sending the TS change information. In the case where the 
sending power of the transmitter of the base station can be increased to some 
extent, it is possible to set the channel capacity corresponding to the amount 
of increase and send the TS change information accordingly. 

10 When the new channel capacity is smaller than the current channel 

capacity, the time slot processor 65 compares the sensitivity of the receiver of 
the subscriber station and its minimum sensitivity and judges whether the 
sensitivity of the receiver of the subscriber station is higher than the minimum 
sensitivity in excess of A dB (sep ST7). 

15 That is, when the sensitivity of the receiver of the subscriber station is 

higher than the minimum sensitivity in excess A dB, a change of the time slot 
will be unlikely to cause cutting the radio connection, and hence the time slot 
processor permits a change of the channel capacity and sends the TS change 
information to the subscriber station. 

20 On the other hand, when the sensitivity of the receiver of the 

subscriber station is so low as to be much the same as the minimum 
sensitivity and is not higher than the latter in excess of A dB, a change of the 
time slot will be likely to cause cutting the radio connection, and hence the 
time slot processor judges whether the current sending power of the 

25 transmitter of the base station can be increase by A (dB) (step ST8). 

That is, even if the sensitivity of the receiver is low, an increase in the 
sending power of the transmitter reduces the possibility of the radio 
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connecting being cut even if the time slot is changed; hence, the time slot 
processor judges whether the current sending power of the transmitter of the 
base station can be increased by A (dB). 

When the current sending power of the transmitter of the base station 
5 can be increased by A (dB), the time slot processor permits a change of the 
channel capacity and sends the TS change information to the subscriber 
station. 

When the current sending power of the transmitter of the base station 
cannot be increased by A (dB), the time slot processor does not permit a 
10 change of the channel capacity (step ST6) and stops sending the TS change 
- information. 

As will be seen from the above, according to Embodiment 6, when the 
channel capacity increases, it is determined whether to permit or inhibit the 
change of the transmission by referring to the sendable power of the 

15 transmitter in the base station, and when the channel capacity decreases, it is 
determined whether to permit or inhibit the change of the transmission rate by 
referring to the sensitivity of the receiver in the subscriber station and the 
sendable power of the transmitter in the base station. Hence, this 
embodiment prevents the radio connection from being cut by a change of the 

20 time slot. 

EMBODIMENT 7 

Fig. 14 is a block diagram illustrating the inside (change request 
means) of the subscriber station in the mobile communication system 
25 according to a seventh embodiment (Embodiment 7) of the present invention. 
Reference numeral 81 denotes a man-machine interface such as a keyboard, 
image display part, voice input/output part or the like; 82 denotes a FIFO 
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memory for storing data input from the man-machine interface 81; 83 denotes 
a memory measuring instrument for measuring the amount of information 
currently remaining in the FIFO memory 82 (the instantaneous amount of 
data which has yet to be sent to the subscriber station); and 84 denotes a clock 
5 generator for generating a clock. 

Reference numeral 85 denotes a time slot processor which performs a 
selection process of selecting a time slot to be used for the transmission of the 
next frame in accordance with the amount of data remaining in the memory 
measured by the memory measuring instrument 83; 86 denotes an actual 

10 channel memory which stores a channel currently in use; 87 denotes a 
provisional channel memory provisionally pre-assigned a time slot to be used 
for the transmission of the next frame; 88 denotes a frame generator which, 
under instructions from the time slot processor 85, extracts from the FIFO 
memory 82 the data to be sent to the subscriber station, and adds the data with 

15 TS change information and check information to form a frame which is sent 
to the subscriber station; 89 denotes a local oscillator which generates a 
carrier under instructions from the time slot processor 85; and 90 denotes a 
modulator by which the frame generated by the frame generator 88 is 
modulated to the carrier generated by the local oscillator 89. 

20 Reference numeral 91 denotes an amplifier for amplifying the carrier 

which is output from the modulator 90; 92 denotes a diplexer; 93 denotes an 
antenna; and 94 denotes a receiving part. 

Next, the operation of this embodiment will be described below. 
While in Embodiments 1 to 6 the base station instructs the subscriber 

25 station. to change the time slot, the subscriber station may also be designed to 
change the time slot independently by incorporating in the subscriber station 
the same change request means as that of the base station depicted in Fig. 7. 
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That is, the time slot processor 85 of the subscriber station determines 
the time slot for the transmission of the next frame (or for the transmission 
after several frames) in accordance with the amount of data remaining in the 
memory measured by the memory measuring instrument 83, and sends to the 
5 base station a frame in which TS change information and reservation 
information are added to transmission data. 

Since this embodiment is identical with Embodiments 1 to 6 except 
that the subscriber station determines the transmission rate in place of the base 
station, no detailed description will be given of this embodiment. 

10 Incidentally, Fig. 15 is a block diagram illustrating time slot changing 

means of the base station which receives the TS change information from the 
subscriber station and changes the time slot (the time slot changing means of 
the subscriber station being also substantially identical in construction 
therewith). Reference numeral 101 denotes a receiving part for receiving the 

15 frame added with the TS change information; 102 denotes a receiving local 
oscillator; 103 denotes a demodulator for demodulating the frame received by 
the receiving part 101; and 104 denotes a frame decoding/data detector which 
decodes the frame demodulated by the demodulator 103 and, when detecting 
the TS change information, outputs the TS change information to the time slot 

20 processor 65. - 

Upon receiving the TS change information from the frame 
decoding/data detector 104, the time slot processor 65 changes the time slot 
for reception of the next frame in accordance with the TS change information. 

25 EFFECT OF THE INVENTION 

As described above, the mobile communication system according to 
the present invention has a communication channel in which uplink and 
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downlink channel capacities differ from each other, and is suitable for use 
with such transmission systems as a time division multiple access (TDMA) 
system, a code division multiple access/time division duplex (CDMA/TDD) 
system, and a time division CDMA (Time Divided CDMA) system. 

It will be apparent that many modifications and variations may be 
effected without departing from the scope of the novel concepts of the present 
invention. 



